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ABSTRACT
Context. Continuum radio emission of galaxies is related to AGN activity and to starbursts, both of which require a supply of gas, respectively
to the central black hole and to molecular clouds.
Aims. The environmental influence on the 21cm (1.4 GHz) continuum radio emission of galaxies is analyzed in a 600 deg2 region of the local
Universe containing the Shapley Supercluster (SSC), whose core is thought to be the site of cluster-cluster merging.
Methods. Galaxies in the FLASH and 6dFGS optical/NIR redshift surveys are cross-identified with NVSS radio sources, selected in a sub-
sample doubly complete in volume and luminosity, and classified as starbursts or AGN according to their radio luminosity. We study radio
luminosities as well as radio loudness (luminosities normalized by stellar mass) RK . Environmental effects are studied through a smoothed
density field (normalized to that obtained from random catalogs with the same survey edges and redshift selection function) and through the
projected distance to the nearest cluster (in units of its virial radius, whose relation to the aperture velocity dispersion is quantified).
Results. The fraction of high RK galaxies in the dense 10 Mpc Abell 3558 cluster complex at the core of the SSC (SSC-CR) is half as large
than elsewhere. Moreover, radio loudness in the SSC-CR is anti-correlated with the density of the large-scale environment and correlated with
clustercentric radius: central brightest cluster galaxies (BCGs) in the SSC-CR are an order of magnitude less radio-loud than BCGs elsewhere,
with signs of suppressed radio loudness also present beyond the BCGs, out to at least 0.3 r200. The gradual suppression of radio loudness from
inner cluster regions to the cluster centers highlights a significant correlation of radio loudness with clustercentric radius, not seen outside
the SSC-CR. This correlation is nearly as strong as the tight correlation of K-band luminosity, LK , with clustercentric radius (K-luminosity
segregation), inside the SSC-CR, with a mild K-luminosity segregation outside the SSC-CR.
Conclusions. The suppression of radio loudness in SSC-CR BCGs can be attributed to cluster-cluster mergers that destroy the cool core and
thus the supply of gas to the central AGN. We analytically demonstrate that the low radio loudness of non-BCG galaxies within SSC-CR
clusters cannot be explained by direct major galaxy mergers or rapid galaxy flyby collisions, but by the loss of gas supply through the enhanced
ram pressure felt when these galaxies cross the shock front between the two merging clusters and are afterwards subjected to the stronger wind
from the second cluster.
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1. Introduction
Galaxies are not isolated objects and evolve in tight relation to
the structure they belong to. These environmental effects are
expected to hold even more strongly for galaxies with impor-
tant emission in the radio continuum, i.e. radio galaxies. Such
galaxies range from the less radio luminous ones, star-forming
galaxies (hereafter SFGs), to the highest radio-luminous ones,
galaxies with an active galactic nucleus (AGN). However, the
exact role of the environment on galaxy activity – starburst or
nuclear – is still not clear.
The first environmental studies of radio galaxies were
based upon small samples of galaxies distributed over the
entire sky to derive their clustering properties. In a pio-
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neering study, Dressler et al. (1985) showed that low lumi-
nosity radio galaxies (i.e. SFGs) avoid dense environments.
Peacock & Nicholson (1991) found that radio galaxies are
more strongly clustered than individual galaxies but less clus-
tered than clusters of galaxies. Galaxies of intermediate ra-
dio luminosity tend to lie in poor groups (Bahcall & Chokshi
1992). The most powerful radio sources appear to favor
galaxy groups and poor clusters (Prestage & Peacock 1988;
Hill & Lilly 1991).
In recent years, the advent of large radio and optical cat-
alogs of galaxies has permitted a better statistical characteri-
zation of these trends. Large-scale studies have matched the
angular positions of radio galaxies in the NRAO VLA Sky
Survey (NVSS, Condon et al. 1998) and Faint Images of the
Radio Sky at Twenty Centimeters (FIRST, Becker et al. 1995)
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with the redshift-space positions of optical galaxies in the 2dF
Galaxy Redshift Survey (2dFGRS, Colless et al. 2001) or the
Sloan Digitized Sky Survey (SDSS, Strauss et al. 2002). Many
of the previous trends noted above have been confirmed and de-
veloped. Magliocchetti et al. (2004) showed that AGN appear
to be strongly clustered and find no significant differences in
the clustering of faint and luminous radio galaxies. Best (2004)
found that the fraction of SFGs (defined as galaxies of low ra-
dio luminosity) decreases with the density of the environment
and that AGN are preferentially located in groups and poor to
moderate richness clusters and avoid regions of very low den-
sity. In compact groups of galaxies, the SFG fraction increases
drastically from the core to the halo while AGN seem to al-
ways lie in the cores (Coziol et al. 1998). In clusters too, SFGs
are broadly distributed, whereas AGN are centrally concen-
trated (Miller & Owen 2002). However, AGN that are bright-
est cluster galaxies (BCGs) have the same distribution of radio
luminosities as non-BCGs (Best et al. 2007). All these studies
seem to indicate that radio galaxies, in general, prefer environ-
ments of intermediate density, with different behaviors at both
ends of the radio luminosity distribution, the lowest radio emis-
sion avoiding dense environments and the most powerful ones
avoiding very low density regions.
Since the fraction of radio galaxies (both SFGs and AGN)
seem to depend more on the large-scale environment than on
the small-scale one (Best 2004), it is worth investigating the
properties of radio galaxies on the scales of superclusters.
Indeed, these superstructures contain a wide variety of envi-
ronments, from small galaxy groups to big clusters. It is be
therefore interesting to mix the two approaches (the large-scale
and local environment) over an area containing diverse envi-
ronments, from empty regions (voids) to the densest ones (a
supercluster).
In the present work, we study the effect of the supercluster
environment on the radio luminosity and K-band normalized
radio loudness of galaxies. For this, we analyze the deepest,
homogeneous redshift sample of radio-emitting galaxies cov-
ering the Shapley Supercluster and its surroundings in a region
70◦ × 10◦.
The Shapley Supercluster (SSC) is the densest region in
the local universe (Raychaudhury et al. 1991; Fabian 1991).
The SSC and some of its clusters have been studied in de-
tail over the years, mainly by Quintana et al. (1995, 2000),
Bardelli et al. (2000, 2001) and Drinkwater et al. (2004) and its
radio properties were first investigated by Venturi et al. (1997).
Moreover, this region is interesting because it hosts a variety
of environments. In particular, its central, 10 Mpc radius re-
gion, known as Shapley 8 or the Abell 3558 (A3558) clus-
ter complex (hereafter SSC-CR following the nomenclature
of Quintana et al. 2000), is thought to be globally undergo-
ing gravitational collapse (Reisenegger et al. 2000), with its
central clusters, Abell 3556, 3558 and 3562 possibly merg-
ing today with one another and with smaller galaxy groups
(Bardelli et al. 2000; Venturi et al. 2000).
Several authors recently pointed out that cluster-cluster
merging can have dramatic consequences on radio galaxies and
might be the key to the general trends observed. But these con-
sequences remain uncertain. For example, Owen et al. (1999)
and Miller & Owen (2003) found an increase of star-formation
and AGN activity that might be enhanced in several Abell clus-
ters by an ongoing merger with another cluster. The dense re-
gions of superclusters are expected to be an ideal laboratory
for studying colliding clusters. In the SSC-CR, Venturi et al.
(2000) found that the A3558 cluster presents a deficit of radio
galaxies. On the other hand, another cluster complex outside
the SSC-CR, centered around Abell 3528 (A3528), appears to
have different physical characteristics, as Venturi et al. (2001)
found the A3528 complex to be active at radio wavelengths,
although its radio luminosity function turns up being simi-
lar with the generic one derived by Ledlow & Owen (1996).
Bardelli et al. (2001) argued that this complex was possibly in
a pre-merger state.
Cross-identification with NVSS radio sources gives us ac-
cess, not only to the radio luminosity but also to the radio-
loudness (here defined as power normalized to stellar mass –
from K-band luminosity), a variable that has been generally
overlooked in previous studies.
The merging of the optical, near-infrared (NIR) and radio
catalogs is described in Sect. 2. In Sect. 3, we compare the dis-
tributions of radio luminosity and of radio loudness between
the A3558 complex, the A3528 complex and the remaining
FLASH region. We study how the radio power and loudness
are modulated by the density of the large-scale environment
in Sect. 4 and with the clustercentric radius in Sect. 5. We
compare our results with other studies in Sect. 6, and discuss
them in Sect. 7, making qualitative and semi-quantitative pre-
dictions of the effects of galaxy mergers, rapid flyby collisions
and altered ram pressure stripping on galaxies within collid-
ing and merging clusters. In two appendices, we compute the
relation between aperture velocity dispersion and virial radius
for a Navarro, Frenk, & White (1996, hereafter NFW) model
and the rate of direct galaxy mergers in overlapping collid-
ing clusters of equal mass. A summary is provided in Sect. 8.
Throughout this paper the values adopted for the cosmologi-
cal parameters are Ωm = 0.3,ΩΛ = 0.7 and a Hubble constant
H0 = 70 km s−1 Mpc−1 .
2. Catalogs
2.1. Redshift catalogs
We cross-correlate radio-detected galaxies from the NVSS ra-
dio survey with galaxies from two different optical/NIR sur-
veys: the FLAir Shapley-Hydra survey (FLASH) and the Six
degree Field Galaxy Survey (6dFGS).
The FLASH survey1 (Kaldare et al. 2003), is a redshift
survey containing 3141 galaxies with measured redshifts in
a 70◦ × 10◦ strip, aligned in galactic coordinates (260◦ <
ℓ < 330◦ and 25◦ < b < 35◦), extending from the Shapley
Supercluster (SSC) to the Hydra cluster, covering a solid an-
gle of 605 deg2 = 0.184 sr. Its input catalog is the Hydra-
Centaurus Catalogue of Raychaudhury (1990), a photomet-
ric catalog down to bJ = 17, compiled by scanning UKST
Southern Sky Survey plates with the Automated Photographic
1 The FLASH survey catalog was obtained via the VizieR On-line
Data Catalog: J/MNRAS/339/652.
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Measuring (APM) facility in Cambridge. Absolute positions
are accurate to ∼ 1′′. The FLASH survey magnitude limit, after
correction for Galactic extinction, is bJ = 16.7. Radial veloc-
ities were obtained with the FLAIR-II spectrograph mounted
at the UKST. Additional data from the literature (NED, ZCAT)
was incorporated into the original FLAIR redshift sample. The
rms error in the redshifts is 95 km s−1. Kaldare et al. (2003)
assert that the only redshift bias in their sample is due to
magnitude-dependent incompleteness, which is 50% at the
bJ = 16.7 survey limit. The overall spectroscopic complete-
ness of the catalog is of 68% with redshifts for 3141 of the
4613 galaxies in the catalog. The catalog median depth is
∼ 10 000 km s−1 .
We combine this survey with the 6dFGS survey
(Jones et al. 2004) Data Release 2. 2 As its principal input cat-
alog, 6dFGS uses the K-band galaxies from the Two Micron
All Sky Survey (2MASS, Jarrett et al. 2000) and includes all
galaxies brighter than Ktot = 12.75 (corresponding to roughly
the same bJ limit as that of the FLASH survey). Contrary to op-
tically selected galaxies, K-band selected galaxy samples are
not biased towards recent star formation activity, and the low
extinction in the K-band ensures a deeper view through the in-
terstellar dust of the observed galaxies (as well as through our
Milky Way). 6dFGS velocities were obtained with the robo-
tized 6dF spectrograph mounted at the UKST (in replacement
of FLAIR II). We retrieve the 6dFGS galaxies with a redshift
quality factor of 4 (reliable redshift) in the FLASH area. The
median depth of the catalog is 〈cz〉 = 16 008 km s−1 and the
error on Q = 4 velocities is 46 km s−1. In this catalog, a galaxy
may appear several times due to multiple observations. In order
to have a unique sample of 6dFGS galaxies, we replace multi-
ple redshift measurements by their mean.
We merge these two redshift catalogs by cross-identifying
them with a search radius of 6′′, keeping the (more precise)
6dFGS velocity for matching pairs and adding non-matched
FLASH galaxies to our catalog. As this work reached comple-
tion, a new set of velocities has been published by Proust et al.
(2006), which goes to fainter magnitudes in some regions.
However, we chose not to use these velocities because of the
inhomogeneous selection and smaller solid angle of this data
set. In the end, our “6dFGS+FLASH catalog” consists of 5132
galaxies with redshifts in the FLASH region.
2.2. Radio catalog
The NVSS is a radio continuum survey at frequency 1.4 GHz
(21cm) covering the sky north of −40◦, thus fully overlapping
the FLASH area.3 The source catalog (Condon et al. 1998)
contains∼ 1.8×106 entries. It has an angular resolution of 45′′
(FWHM). Condon et al. have estimated the differential com-
pleteness to be 99% at flux S 1.4 GHz = 3.5 mJy, and from their
analysis we infer a differential completeness of 75% at 2.8 mJy.
2 The 6dFGS Second Data Release is publicly available from the
6dFGS website at http://www.mso.anu.edu.au/6dFGS/.
3 A text version of the NVSS catalog, NVSSCatalog.text, is avail-
able by ftp at nvss.cv.nrao.edu. It was generated with NVSSlist version
2.17 (August 2001 B. Cotton) on the entire FITS database.
Selecting the sources in the FLASH area, we retrieve ∼ 68 000
radio sources. Although the FIRST survey is a similar survey
with a better angular resolution of 5′′ and a completeness of
95% at S 1.4 GHz > 2 mJy, it does not cover further South than
−10◦ in declination, which is not enough to reach the SSC re-
gion.
2.3. Merged radio-NIR galaxy sample and radio
galaxy classification
We cross-identify the the 6dFGS+FLASH galaxies with the
NVSS radio sources using a conservative search radius of 15′′,
1/3 of the NVSS FWHM resolution. We find 810 matches with
recession velocities v < 30 000 km s−1 . To avoid selection ef-
fects, we then work with a subsample that is flux-limited to
S 1.4 GHz ≥ S min = 2.8 mJy , (1)
(for 75% differential completeness) and volume-limited to a
section of a wide shell, where the SSC lies at the mean depth:
10 000 < v < vmax = 18 800 km s−1 . (2)
For a complete selection in radio luminosity with a maximal
number of radio-detected galaxies selected, we adopt a lower
limit to the radio-luminosity of
h270 log L1.4 GHz > h270 log L1.4 GHz(S min, vmax/c) = 22.41 , (3)
with L1.4 GHz(S , z) = 4πD2L(z) S (1+ z)−(α+1) , where DL(z) is the
cosmological luminosity distance at redshift z = v/c, c is the
velocity of light, and the term (1+ z)−(α+1) is the product of the
k-correction for a power-law radio spectrum: S (ν) ∝ να, with
α ≃ −0.7 (e.g Condon 1992) and the redshift correction for the
frequency normalization.4 In the velocity range of equation (2)
lie 2363 galaxies in the merged 6dFGS+FLASH catalog, which
we will refer to as our “galaxy sample”. Among those galaxies,
142 galaxies (∼ 6% of our galaxy sample) show radio emission
above the lower radio flux limit of equation (1) and radio lu-
minosity limit of equation (3). 85% of the sources lie within a
radius of 10′′.
Following Sadler et al. (2002), we define high radio lumi-
nosity galaxies as active galactic nuclei (AGN), with lower ra-
dio luminosity galaxies as star forming galaxies (SFGs), and
adopt their minimum AGN radio luminosity of
log L1.4 GHz = 23.05 , (4)
(after correction to our adopted Hubble constant). Note that
Machalski & Godlowski (2000) find that galaxies with AGN
spectra predominate starting at log L1.4 GHz = 23.31 (LCRS
survey) and 23.05 (UGC galaxies, again converting both to
our adopted Hubble constant). Both Machalski & Godlowski
4 Peculiar velocities make the radial velocity an imperfect distance
estimator. For clusters with velocity dispersions as high as 800 km s−1,
typical distance errors will be 800/14500 = 5% and can be as high as
14% for peculiar velocities as large as 2.5 cluster velocity dispersions.
Therefore, the errors in relative luminosity will typically be 5%, and
can easily be neglected given the several orders of magnitude range in
radio luminosities (See Fig. 1).
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Fig. 1. Radio luminosity versus radial velocity (all radio-
detected galaxies with v < 30 000 km s−1 are shown). AGN
are the small red open crosses, SBGs are the blue stars and
SFGs the gray circles. Horizontal lines delineate the limits for
SBGs (eq. [3]) and AGN, while the vertical lines delineate our
region of analysis (eq. [2]). The U-shaped set of solid line seg-
ments delimits our subsample of radio-detected galaxies that is
doubly complete in volume and radio luminosity.
and Sadler et al. find AGN with radio luminosities as low
as 1022 W Hz−1 Interestingly, our lower luminosity cutoff at
log L1.4 GHz = 22.41 corresponds to roughly 15 M⊙ yr−1 —
using SFR(M⊙ yr−1) = 5.9 ± 1.8 × 10−22 L1.4 GHz (W Hz−1),
following Yun et al. (2001) — which is close to the approxi-
mate lower limit for the definition of a starburst galaxy (SBG).
According to this classification, there are 114 SBGs and 28
AGN (respectively ∼ 5% and 1% of our galaxy sample)
among the 142 radio-detected galaxies. Figure 1 shows our
selection as a function of radio luminosity and radial velocity
(roughly equivalent to distance), and highlights our subsample
of radio-detected galaxies with the constraints on radial veloc-
ity (eq. [2]) and radio luminosity (eq. [3]), i.e. doubly complete
in volume and radio luminosity.
In addition, we visually checked all identifications using ra-
dio contours from NVSS, overlaid on optical images from the
Digitized Sky Survey (DSS). In only a very few cases were the
identifications not clear. However, we are probably missing a
few AGN because the radio emission from their lobes could
be too far from the optical position of the galaxy to result in a
match. Because our visual checks indicate that gross misiden-
tifications are rare, we expect that these more subtle misiden-
tifications should also be infrequent in our final sample, which
should therefore be valid to perform a statistical analysis.
Throughout the paper, we will consider both radio lumi-
nosity and radio loudness 5. We use the K-band luminosity as a
tracer of the galaxy mass, and therefore define the dimension-
less radio loudness as
log(RK) = log
(
S 1.4 GHz
1 mJy
)
+ 0.4 K − 5.82
= log
( L1.4 GHz
1 W Hz−1
)
+ 0.4 MK − 12.90 , (5)
where we used the normalization of 666.7 Jy for an object
with K = 0 (Cutri et al. 2006). K-band magnitudes were re-
trieved from the 2MASS Extended Source catalog for all the
galaxies in our sample and K-band luminosities derived using
the FLASH and 6dFGS redshifts. We computed k corrections
with the approximation kK = −1.688 z + 3.458 z2, which ap-
pears to be a good fit to better than 0.01 mag for z < 0.1 to
the tabulated Sa galaxy k-corrections of Poggianti (1997). The
FLASH and 6dFGS surveys also provide bJ magnitudes, mea-
sured with the APM and SuperCosmos machines, respectively.
We k-corrected them with kbJ = 4.04 z+2.00 z2, again a fit (bet-
ter than 0.001 mag for z < 0.1) to Poggianti’s k-corrections for
an Sa galaxy in the nearby B band.
Because K-band luminosity is closely (but not perfectly)
related to stellar mass, RK can be thought a measure of stellar
mass-weighted efficiency of instantaneous star formation for
SBGs. For AGN, which usually have higher radio to optical
ratios, it gives an idea of the radio power of the nuclei in com-
parison to the stellar mass of the galaxy.
2.4. Large scale structure
The wedge plot of Figure 2 shows the three dimensional dis-
tribution of galaxies in our 6dFGS+FLASH catalog, projected
in galactic longitude. This region, which spans 36 Mpc by
251 Mpc in galactic coordinates, is filled with 19 Abell clusters
of galaxies in the velocity range of equation (2). The SSC is
the large overdensity centered on A3558 (13h27m,−31◦29′ , v =
14 390 km s−1 ), with the filaments extending away.
In this paper, we define the SSC-CR (or the A3558 cluster
complex) as a 10 Mpc radius cone, limited to velocities within
3σv of the set of clusters A3556, A3558, A3559, A3560 and
A3562 that compose it (11459 km s−1 < v < 17545 km s−1).
The complex has a dense core with clusters A3562, A3558,
A3556 and groups SC 1329-312, SC 1327-313, with clusters
A3559 and A3560 in its envelope. Altogether, we have 423
galaxies in the SSC-CR, among which 20 SBGs, but not a sin-
gle AGN. Another prominent feature to the West of the su-
percluster is the A3528 cluster complex, centered on A3528
at (12h54m,−29◦01′, v = 15 829 km s−1 ). The A3528 complex
is defined in a similar manner as the SSC-CR: a cone of ra-
dius 10 Mpc, with velocities within 3σA3528v : 13069 km s−1 <
v < 18771 km s−1. It thus contains clusters A3528, A3530
and A3532. We have 121 confirmed galaxies in this complex,
among which 5 SBGs and 5 AGN. Other features visible here
are described in greater detail in Quintana et al. (1995, 2000).
5 Since we restrict our analysis only to the subsample of radio emit-
ting galaxies, the adjective radio-loud will refer to high RK .
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Fig. 2. Wedge plot in galactic longitude and heliocentric velocity of the FLASH survey area showing both FLASH and 6dFGS
galaxies (black dots) and cross-identified radio-detected galaxies: AGN are shown as red open stars and SBGs as open blue
crosses. The SSC is the Y-shaped large-scale structure in the left part of the plot. The two cluster complexes studied here are
shown.
Figure 3 shows the redshift distribution for the
6dFGS+FLASH galaxy catalog and the radio galaxy sub-
sample. The two outstanding peaks in the observed redshift
distribution are the Hydra cluster at ∼ 4000 km s−1 and
the SSC at ∼ 14 400 km s−1 . The large transverse filament
at 16000 km s−1 seen in the wedge plots of Figure 2 also
produces a wide peak in the redshift distribution histogram.
Both figures 2 and 3 show that, at first glance, radio-
detected galaxies trace fairly well the underlying galaxy distri-
bution: radio-detected galaxies are mostly found in the dense
regions and less likely in the voids. However, Figure 2 indi-
cates that the SSC-CR seems is devoid of strong radio sources,
which cluster more in the A3528 cluster complex and its sur-
roundings.
Since our radio galaxy classification is based upon a lumi-
nosity cut, it therefore creates a strong distance segregation,
caused by Malmquist bias, where only luminous radio galaxies
are present at larger distances. But since we restrict our analysis
to a subsample doubly complete in volume and radio luminos-
ity, Malmquist bias is no longer a concern.
3. Radio emission in the A3558 and A3528
complexes
According to our definition of the cluster complexes (Sect. 2.4),
there are 1819 galaxies, among which 88 SBGs and 23 AGN, in
the remaining FLASH+6dFGS area (outside both cluster com-
plexes and with the velocity cut of eq. [2]). This sample will be
used as a comparison sample and hereafter referred to as our
reference sample.
The fraction of radio-detected galaxies (SBG+AGN) are
4.7%, 8.3% and 6.1% in the A3558 complex, the A3528 com-
plex, and the reference sample. Binomial statistics indicate that
the lower (higher) fraction of radio galaxies (log L1.4 GHz ≥
22.41) in the A3558 (A3528) complex relative to the reference
sample is not significant.
Considering separately SBGs and AGN (with eq. [4]), we
find 20 SBGs and no AGN in the A3558 cluster complex,
whereas there are 5 AGN and 5 SBGs in the A3528 cluster
complex. Binomial statistics indicate that the absence of AGN
among 20 radio-detected galaxies in the A3558 complex would
occur by chance only 1.0% of the time, given the observed frac-
tion (23/111 = 21%) of AGN in the reference sample. On the
contrary, the A3528 complex seems to harbor too many AGN
relative to the reference sample, as there is only a 3.8% chance
of obtaining at least 5 AGN among 10 radio galaxies given the
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Fig. 3. Distribution of radial velocities of the optical/NIR
(solid black histogram) and radio (green dashed histogram)
samples. The two dashed vertical lines delineate our velocity
cuts (corresponding to the rough velocity limits of the SSC).
The red curve is the 4th order polynomial fitted to the underly-
ing optical/NIR distribution and represent the empirical selec-
tion function of the data.
fraction of radio-detected galaxies that are AGN in the refer-
ence sample.
The top plot of Figure 4 shows the cumulative radio lumi-
nosity function (RLF) of the A3558 and A3528 complexes. Of
course, one can argue that it is dangerous to compare lumi-
nosities of samples at different distances, even with the same
magnitude limit, as the more distant sample will lead to more
luminous galaxies. However, A3528 is only 10% more distant
than A3558, which should lead to luminosities typically 20%
larger, i.e. a 0.08 increase in log L1.4 GHz.
The plot clearly indicates a lack of high radio luminosity
galaxies in the A3558 complex, which is marginally significant
(94% confidence with a Kolmogorov-Smirnov — KS — test,
95% with a Wilcoxon rank sum test).
However, for low radio luminosities, the radio galaxy dis-
tribution in the A3558 cluster complex resembles that in the
reference sample, while the two distributions depart from one
another only at intermediate and high radio luminosity. On the
other hand, the A3528 complex shows an RLF that appears
shifted to higher radio luminosities in comparison with the RLF
of the reference field, but the difference is only marginally sig-
nificant (91% confidence with a KS test).
Splitting radio-detected galaxies into two classes, above
and below an arbitrary limit of RK = 0.8 (the median is 0.7),
we find only 4 radio-loud galaxies out of 20 in the A3558
cluster complex (20%) and 5 in the A3528 complex (50%).
In the reference sample, the fraction of radio-loud galaxies is
0.43. Binomial statistics indicate that the probability that the
A3558 complex would have as few as 4 galaxies with RK > 0.8
Fig. 4. Normalized cumulative distributions of radio lumi-
nosity (top) and radio loudness (bottom) for three regions:
the A3558 complex (brown short-dash histogram), the A3528
complex (green long-dash histogram) and the reference sample
(black solid histogram). The vertical lines denote the transition
from SBGs to AGN (top plot) and our ad hoc separation of
radio loudness (bottom plot).
amongst a total of 20 radio-detected galaxies is 3%: the lack of
radio-loud galaxies in the A3558 complex is statistically signif-
icant. This conclusion depends little on our cut in radio loud-
ness in the range 0.6 < RK < 0.9.
The bottom plot of Figure 4 illustrates this lack of radio-
loud galaxies in the A3558 complex: the distribution of RK in
the A3558 complex is shifted to values ≈ 2× lower than for
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the reference field, and a KS test gives a 4% probability of a
greater difference by chance (only 1% with a Wilcoxon rank
sum test). On the other hand, the distribution of radio-loudness
in the A3528 complex is shifted to higher values, but because
of small number statistics this offset is not significant.
To summarize, the two cluster complexes show different
trends in their distribution of radio luminosities and radio loud-
ness relative to the reference sample. the A3528 complex galax-
ies are marginally more radio-luminous than the galaxies in
the reference sample, while the A3558 complex galaxies are
marginally less radio-luminous and significantly less radio-
loud.
These distributions tell us that the special dynamical state
of the very dense core of the Shapley supercluster has a quan-
tifiable impact on its radio galaxy population that significantly
reduces the radio activity. However, these radio luminosity and
radio-loudness distributions do not allow us to quantify what
is the impact of their respective environments. We therefore in-
vestigate in the next section how these variables are affected
by galaxy density, at the supercluster scale as well as inside
clusters within the cluster complexes to determine what envi-
ronmental processes might be at work.
4. Modulation of radio emission with the density of
the environment
4.1. Estimation of the density of the environment of
radio-detected galaxies
As seen in Figure 3, the fraction of radio-detected galaxies is
independent of redshift. This means that we can estimate the
density of the environment using the optical sample.
Given the discrete nature of the galaxy positions, we choose
to measure a continuous density. We thus define a continuous
density in redshift space, by smoothing the discrete density in
redshift space with a Gaussian kernel of scale σrz (c.f. Tully
1988; Monaco et al. 1994), using:
ρrz, j
[
h3Mpc−3
]
=
1(
2πσ2rz
)3/2 ∑
i, j
exp
 −r2i j2σ2rz
 , (6)
where subscripts j and i respectively represent radio and optical
galaxies and where
ri j =
√
d2p(z1) + d2p(z2) − 2 dp(z1) dp(z2) cos θi j
≃ c
H0
√
z2i j + (θi j 〈z〉)2 , (7)
is the separation of two galaxies in redshift space6, with θi j
their angular separation and 〈v〉 their mean radial velocity, and
where dp(z) is the proper distance.
Of course, such an estimator will be subject to edge effects
(the smoothed density will decrease near the survey edges)
and to the radial selection function inside the area. To correct
for this, we generated 25 random datasets, each with as many
6 We actually use the cosmological formula, only valid for a flat
Universe (first equality of eq. [7]), but at the small redshift of our
sample (z<0.06), cosmological corrections are typically less than 4%.
galaxies as in our observed sample, in the exact same survey
geometry and with the same velocity selection function, ap-
proximated with a 4th order polynomial fit to the velocity dis-
tribution, as shown in Figure 3. Note that the mean local densi-
ties of the 25 random catalogs obtained with equation (6) will
be 1/25th of the local densities of a single random catalog with
25 times as many galaxies. For each smoothing scale, we calcu-
late the Gaussian-smoothed density and divide it by the mean
Gaussian-smoothed density of our random catalogs.
In redshift space, the 3D density is biased by redshift dis-
tortions, i.e. incorrect radial positions of cluster galaxies due to
fingers of God. We therefore also derive a continuous surface
density of galaxies by Gaussian smoothing the discrete surface
density, as:
ρθ, j
[
h2Mpc−2
]
=
1
2πσ2
θ
∑
i, j
exp
−θ2i j2σ2
θ
 , (8)
again dividing by the mean surface density of the 25 random
catalogs. Even though both approaches suffer biases, the com-
bination of the two will allow us to check for consistencies in
the trends.
We calculated densities for a wide range of smooth-
ing scales, each separated by a factor of 2: σ =
0.625, 1.25, 2.5, 5, 10, and 20 h−170 Mpc.7 Of course, large
scales suffer from a smaller range of smoothed densities. Small
scales will suffer from the lack of close neighbors (in both the
real and random catalogs). In addition, the surveys are not com-
plete in crowded areas because of fiber avoidance and we there-
fore underestimate the density in the denser regions.
We illustrate our procedure by showing, in the top panels
of Figure 5, the modulation of near-infrared luminosities with
density, for two smoothing scales. One can easily notice a trend
of luminosity segregation: the more luminous galaxies prefer
the dense environments, especially at a smoothing scale of 2.5
Mpc, which is roughly the scale of clusters. Spearman tests in-
dicate a rank correlation of −0.32 and −0.22 at 2.5 and 10 Mpc,
respectively, which are over 99.5% significant. At a smooth-
ing scale of 1.25 Mpc, K-band luminosity is significantly anti-
correlated with density, regardless of whether density is mea-
sured in projected or angular space. But at smoothing scales
≥ 2.5 Mpc, LK is not significantly anti-correlated with pro-
jected density.
4.2. Radio luminosity – density relation
The middle panels of Figure 5 show that the largest radio lu-
minosities appear to prefer intermediate densities, near the me-
dian. However, the distribution of radio luminosities of galax-
ies at intermediate densities is not significantly different from
the analogous distribution at extreme (high and low) densities.
And, for all smoothing scales, there are no significant correla-
tions of radio luminosity with both redshift space density and
projected density.
7 For the density in projected space, we used for σθ in equation (8)
angles of σ/(200 Mpc), corresponding to the angular sizes of the red-
shift space smoothing scales at the distance of the SSC. In what fol-
lows, we will replace σθ by the equivalent scale in Mpc.
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Fig. 5. Gaussian-smoothed density in redshift-space corrected
for edge effects and the radial selection function versus K-band
luminosity (top plot), radio luminosity (middle plot) and radio
loudness (bottom plot), for two different smoothing scales. The
dashed vertical and dashed horizontal lines represent the limit
between high and low density environment and the separation
between SBGs and AGN, respectively (see text).
4.3. Radio loudness – density relation
The correlation between a galaxy radio luminosity and the den-
sity of its environment might hide a correlation between ra-
dio luminosity and mass (as both are extensive variables) on
one hand, and mass and environmental density on the other
hand (as expected in models of galaxy formation where the
more massive galaxies are more clustered). In other words,
since more luminous galaxies are usually more clustered, and
should have undergone several major mergers, they might also
be prone to radio activity. We therefore correlate the radio loud-
ness (eq. [5]) with the density of the galaxy environment.
As seen in the bottom right panel of Figure 5, for smooth-
ing scale 10 Mpc, radio loudness appears to be anti-correlated
with the density of the environment: the low loudness galaxies
are virtually all at high densities. This is quantified in Figure 6,
which indicates highly significant anti-correlations of radio
loudness with the density of the environment, measured on
scales greater than 2 Mpc. These significant anti-correlations
occur in both projected and redshift spaces, which gives us con-
0.21
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Fig. 6. Probability of statistical significance of Spearman rank
correlation of radio loudness with Gaussian-smoothed density
in redshift space (normalized with the mean density derived
from the random catalogs) versus the smoothing scale. Dotted
and dashed curves represent the analysis with the central por-
tion of the SSC cut out to a radius of respectively 3 Mpc and
20 Mpc, and limited to ±3σv(A3558). Red positive signs high-
light positive correlation coefficient and blue negative signs
the negative ones. The Spearman probability is defined as
PSpearman = (Pchance − 1/2) sgn(r) + 1/2. The values of the rank
correlation coefficient r are given for the two extreme cases.
fidence in these observed trends. For example, at a smoothing
scale σ = 10 Mpc, both ρθ and ρrz are negatively correlated
(r ∼ −0.17 and r ∼ −0.21) with RK with a high significance
(98% and 99.4%, respectively).
We also used Kolmogorov-Smirnov (KS) tests to compare
the distributions of densities for AGN vs. SBGs, as well as
the distributions of radio luminosities, loudness (and NIR lu-
minosities) for galaxies in high vs. low density environments.
No significant trends were found at any smoothing scale in both
analyses of projected and redshift space densities. This shows
that the KS test is not as an efficient estimator of the environ-
mental effects as is the rank correlation with density.
4.4. Cutting out the cluster complexes
To better understand the anti-correlation of radio loudness with
density, we performed the same analysis as in Sect 4.3 on the
FLASH area, but with parts of the SSC cut out from the sample.
We calculate densities only for the radio-detected galaxies out-
side the A3558 cluster complex, whose projected radius is now
a free parameter. Figure 6 shows how the significance of cor-
relation (P → 0) or anti-correlation (P → 1) of radio loudness
with redshift space density varies with the smoothing scale, for
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different choices of the projected radius of the SSC-CR we cut
from our sample.
At large cut sizes, the anti-correlation between radio loud-
ness and local density at large scales disappears when remov-
ing the central region of the Shapley supercluster from the sta-
tistical analysis. The change in the statistical trend becomes
visible at a cut size of ∼ 4 Mpc. As the projected radius of the
removed area increases, the anti-correlation vanishes. When
reaching a cut size of ∼ 6 Mpc, all the Spearman probabilities
drop below 90%. However, if we perform a similar analysis by
removing a 20 Mpc shell centered on A3528, we do not see
any loss of anti-correlation at large scales, which means that
this area is not responsible for the anti-correlation.
Since the SSC-CR seems to be the main area that dis-
favors the presence of radio-loud galaxies, we now compare
the A3558 complex with its surroundings. As can be seen in
Figure 7, there is a strong anti-correlation between radio loud-
ness and the σrz = 10 Mpc smoothed density among just the
SSC-CR members. The Spearman rank-correlation coefficient
is r = −0.41, which indicates a 97% level confidence for the
negative trend. Outside the SSC-CR, radio loudness is uncorre-
lated with density. As noted before, there are virtually no radio-
loud galaxies in the SSC-CR. Moreover, there seems to be an
excess of galaxies of low radio loudness in the densest environ-
ments at σrz = 10 Mpc.
5. Modulation with the relative clustercentric
distance
We also identify radio-detected galaxies within and outside of
clusters in the SSC-CR. For each radio galaxy, we search clus-
ters whose redshift matches the galaxy to within 3 cluster ve-
locity dispersions (measured with NED, which although inho-
mogeneous is more complete than 6dFGS). The smallest pro-
jected clustercentric distance, normalized to the cluster virial
radius, r200, where the mean total mass density of the cluster
equals 200 times the critical density of the Universe, deter-
mines which cluster the radio galaxy is closest to. This avoids
assigning more than one cluster to each radio galaxy. We es-
timated r200 from the cluster velocity dispersions according to
r200 = σv/436 km s−1, appropriate for the NFW model of con-
centration c = 5, as derived in equation (A.11). We then sep-
arate the galaxies within the cluster inner regions, defined as
0.8 r200, from the galaxies in the outer regions (extending to far
beyond the cluster virial radius).
Figure 7 shows that outside of clusters, the distribution of
radio loudness values is the same for regions within and outside
the SSC-CR. However, Figure 7 also indicates that, within the
SSC-CR, the cluster radio-detected galaxies have lower (typ-
ically by a factor 3) radio loudness than galaxies in clusters
outside the SSC-CR.
Table 1 provides KS test probabilities that the differences in
the distributions of various parameters within and outside the
SSC-CR are caused by chance, for radio-detected galaxies out-
side of clusters (first line) or for those within clusters (second
and third lines, the latter omitting the central brightest cluster
galaxy, hereafter BCG). The KS test indicates that the 3 times
lower values of RK of the cluster radio-detected galaxies in the
Fig. 7. Radio loudness (K-band normalized) vs. density
(smoothed on scale σ = 10 Mpc), separating the regions within
(big red circles) and outside (small black diamonds) the SSC-
CR. Filled symbols show radio-detected galaxies that are less
than 0.8 r200 of a galaxy cluster center whereas open symbols
are the ones located at more than 0.8 r200.
SSC-CR relative to their counterparts outside of the SSC-CR
is very highly significant: there is a 99.7% probability that the
difference in distributions of radio loudness is not caused by
chance.
Table 1. Significance (with KS test) of same distributions
within and outside of the SSC-CR
Galaxy position L1.4 GHz RK MK B − K
R > 0.8 r200 0.14 0.58 0.55 0.95
R < 0.8 r200 0.10 0.003 0.05 0.77
0.04 r200 < R < 0.8 r200 0.32 0.01 0.08 0.97
Note: The galaxy position is relative to the center of the nearest cluster.
Now, one could argue that the depressed loudness of radio-
detected galaxies within clusters inside the SSC-CR may sig-
nify an intrinsic anti-correlation between radio loudness and
NIR luminosity coupled with a correlation between NIR lumi-
nosity and density (luminosity segregation). However, as one
can see in Table 1, while the differences in the distributions
of K-band luminosities between cluster radio-detected galax-
ies within and outside of the SSC-CR are significant, they are
not as significant as the differences in the distribution of radio-
loudness values, even if the BCG is removed.
Since there are no highly radio-luminous galaxies in the
SSC-CR, which we interpret as an absence of AGN, the de-
pressed values of RK for the radio-detected galaxies within
SSC-CR clusters may be an effect of enhanced morphologi-
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cal segregation within Shapley clusters: an enhancement of the
early-to-late ratio among spiral galaxies would lead to reduced
star formation efficiencies for spiral galaxies within clusters
of the SSC. And yet, as seen in Table 1, the colors of radio-
detected galaxies lying in clusters are not affected by their pres-
ence within the SSC-CR. This suggests that morphological seg-
regation is not the cause of the significantly lower values of ra-
dio loudness for cluster galaxies in the SSC-CR relative to the
cluster galaxies outside the supercluster core.
Hence, the physical parameter of radio-galaxies within
clusters that is most affected by the SSC-CR environment is
radio loudness. On the other hand, the distribution of radio-
luminosity and radio loudness in the outer regions of clusters
is unaffected by their presence within or out of the SSC-CR.
Therefore, the anti-correlation of radio loudness with density
of the environment is caused by the decreased radio loudness of
radio-galaxies within SSC-CR clusters, relative to their coun-
terparts outside of the SSC-CR.
The suppression of radio emission in the SSC cluster galax-
ies is even clearer in Figure 8. As seen in Table 2, inside the
3528
3532
3566
3577
3556
3556
3556
3558
3558
3559
3559
Fig. 8. Radio loudness (K-band normalized) vs. projected dis-
tance to nearest cluster (in units of cluster virial radius). Red
circles and black diamonds represent the galaxies within and
outside the SSC-CR, respectively. The filled and open circles
represent the galaxies with log L1.4 GHz ≥ 22.41 (complete radio
luminosity sample in entire region) and 22.21 ≤ log L1.4 GHz <
22.41 (extension of sample, complete for the A3558 complex).
The labels indicate the Abell cluster number of the galaxies
with the lowest values of radio loudness. The galaxies left of
the vertical line are brightest cluster galaxies, actually lying at
the cluster center.
SSC-CR, radio loudness and relative position in the nearest
cluster are indeed significantly correlated (r = 0.50, 99% con-
fidence), while outside the SSC-CR there is no correlation be-
tween radio loudness and clustercentric position. Part of the
loudness - radius correlation in the SSC-CR may be due to sup-
pressed radio emission in the BCGs sitting in the cluster cores
(Burns 1990). Since we used the Abell cluster centers given by
Abell et al. (1989), which do not coincide with the positions of
the BCGs, these central galaxies are visible in Figure 8. We vi-
sually checked with NED the positions of the BCGs and found
all of them to lie within 0.04 r200.
The correlation between radio loudness and clustercentric
radius remains significant (r = 0.42, 96% confidence) once
the BCGs (R/r200 < 0.04, given the imprecise centers that we
have used) are removed. Figure 8 also shows an extension of
the sample to lower radio luminosities, which is complete for
the SSC-CR, but not for the full region outside the complex.
The trends for low radio loudness of BCGs in the SSC-CR are
confirmed, as is the same (weaker) trend for non BCGs within
0.3 r200 of the cluster center.
Table 2. Rank correlations with clustercentric radius and their
significance (Spearman test)
Zone R/r200 L1.4 GHz RK MK B − K
in all –0.38 (95) 0.50 (1) 0.75 (0) –0.27 (88)
in > 0.4 –0.35 (93) 0.42 (4) 0.70 (0) –0.19 (79)
out all –0.08 (81) 0.01 (46) 0.17 (3) 0.04 (32)
out > 0.4 –0.05 (69) 0.04 (32) 0.15 (5) 0.07 (22)
Notes: Column (1): within or outside SSC-CR; column (2): range of
projected distances to the cluster center normalized to r200; follow-
ing columns: Spearman rank correlation coefficient, r, and associated
probability PSpearman = (Pchance − 1/2) sgn(r)+ 1/2 in percent in paren-
theses. The correlations all involve samples with log L1.4 GHz ≥ 22.41,
so that all samples are complete in radio luminosity.
Table 2 also shows that in the SSC-CR, radio luminosity is
marginally correlated with clustercentric position, but this cor-
relation is absent outside the SSC-CR. On the other hand, the
NIR luminosity is very strongly correlated with clustercentric
radius, especially so in the SSC-CR, but also outside the clus-
ter complex (i.e., NIR absolute magnitude is very strongly anti-
correlated with clustercentric radius). The respectively strong
and weak anti-correlations of NIR and radio luminosity with
clustercentric radius inside the SSC-CR explain the positive
correlation of radio loudness with clustercentric radius within
the SSC-CR.
One could worry that the radio loudness - clustercentric ra-
dius correlation in the SSC-CR could be the consequence of the
combination of 1) the strong NIR luminosity segregation, 2) the
weak radio luminosity segregation, and 3) the radio luminosity
limit of our sample. But since our sample is strictly limited in
radio luminosity and virtually so in NIR luminosity (given the
K-band limit of the 6dFGS sample and the volume limit that we
imposed), selection effects should not affect radio luminosity
significantly more than they affect NIR luminosity. Therefore,
it is difficult to understand how selection effects could lead to a
significant correlation of radio loudness with clustercentric ra-
dius in the SSC-CR. It therefore appears that the suppression of
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radio loudness is independent of the strong segregation in NIR
luminosity, even when removing BCGs from our sample.
6. Comparison with previous studies
The distributions of radio luminosities in the A3558 and
A3528 cluster complexes have previously been studied by
Venturi et al. (2000), Miller (2005) and Venturi et al. (2001).
Venturi et al. (2000) and Miller (2005) found that the cumula-
tive radio luminosity function (RLF) of galaxies in the A3558
complex has a steeper bright-end slope than the respective ref-
erence samples of Ledlow & Owen (1996) (E/S0 galaxies only)
and Miller & Owen (2001). This is in close qualitative agree-
ment with the RLFs of the A3558 complex and the reference
field that we have shown in the top plot of Figure 4. However,
the radio luminosity where the SSC-CR RLF begins to depart
from the reference one occurs at slightly different radio lumi-
nosities: log L1.4 GHz <∼ 22.31 for Venturi et al. (corrected to our
cosmology), compared to log L1.4 GHz = 22.6 for Miller and
22.45 for us.
Venturi et al. also noted that the optically-defined radio
loudness was uncorrelated with the density of the environment.
Similarly, Miller did not see any spatial trends of optically-
defined radio loudness in the SSC-CR. Both results are in sharp
contrast with the strong anti-correlation of NIR-defined radio
loudness with the density of the environment and the strong
correlation of radio loudness with clustercentric radius that we
found for radio-detected galaxies in the A3558 complex. Note
that while Venturi et al.’s sample is only very slightly deeper
than ours in radio luminosity, Miller’s sample is much deeper
and had its AGN removed (by rejection of optically luminous
galaxies).
For the A3528 complex, Venturi et al. (2001) found a nor-
mal (respectively lack by a factor 2) cumulative RLF of E/S0
galaxies in the A3528 complex if the their fraction of early-
type galaxies is 100% (50%). But they saw no enhancement of
the counts of radio-detected galaxies in contrast with the strong
excess found in the optical. Although our statistics are poor,
there is a marginal excess of radio luminous galaxies in the
A3528 complex, as seen in the RLF of the top plot of Figure 4,
and even in the wedge diagram of Figure 2. Our results can
be reconciled with the results of Venturi et al. (2001), only by
assuming that the shift is indeed not real as suggested by our
marginal confidence level and that nearly all the galaxies in the
Venturi et al. sample are early-type, which does not seem prob-
able.
Gavazzi & Jaffe (1986) found that optically-defined radio
loudness was 3 times higher in clusters than outside clusters,
but found no differences between their group, pair and iso-
lated samples of radio-detected galaxies. In comparison, we
find that radio loudness is enhanced in clusters by typically
60% outside of the SSC-CR, but decreased by a factor 3 inside
the SSC-CR. Best et al. (2007) find that AGN that are BCGs
have the same distribution of radio luminosities as non-BCGs.
We find (Table 2) that radio luminosities of galaxies outside
the SSC-CR are little affected by the position in the cluster,
while the SSC-CR galaxies have radio luminosities that are
anti-correlated with clustercentric position, but that radio loud-
ness is correlated with clustercentric position: hence BCGs ap-
pear radio luminous, but given their very high NIR luminosi-
ties, their radio loudness is low.
There has been an accumulation of evidence over the last
few years that cluster-cluster mergers at the heart of the SSC
are responsible for the lack of radio-luminous galaxies in this
region. The discovery by Brand et al. (2003) of a superclus-
ter of radio galaxies is not in contradiction with this result, if
their supercluster has not yet reached a stage of cluster-cluster
merging, or if Brand et al. do not resolve the supercluster core
where cluster merging may occur. Therefore, one has to be cau-
tious when using radio-detected galaxies to trace large scale
structures because the different dynamical stages of the col-
lapse seem to play an important role in the presence of radio
emission in galaxies.
7. Physical processes at work in the core of the
Shapley Supercluster
There are several physical processes at work in a cluster-cluster
merger that can affect the radio output of galaxies.
The suppression of radio emission in cluster galaxies within
the SSC may be the result of cluster collisions, which heat
up the central regions of clusters and destroy their cool cores.
Indeed, Fabian et al. (1986) suggested that cooling flows fuel
AGN and Burns (1990) found that the probability that a clus-
ter cD galaxy hosted an AGN was 3 times greater (75% vs.
25%) if the cluster has a cool core. Since A3558 has no cool
core (Sanderson et al. 2006), one expects the central galaxy of
A3558 to have low radio loudness, as we observe. On the other
hand, in X-rays, A3528 is made of two components, both with
cool cores (Gastaldello et al. 2003), which is consistent with
the high radio loudness of its cD. We are not aware of mea-
surements of X-ray temperature profiles of the other clusters
with central cDs: A3556, A3559, and A3566.
However, the reduced radio loudness in SSC-CR clusters
is also present once the central regions are removed from the
analysis (last line of Table 1), even though its significance is
reduced. So, while cool cluster cores might be responsible for
suppressing the radio loudness of central cluster galaxies in the
SSC-CR, the suppression of radio emission also occurs outside
the cluster centers.
The AGN mechanism is believed to rely on three ingredi-
ents: the presence of a massive black hole in the center of a
galaxy, the supply of gas onto this black hole, and a mecha-
nism to transport this gas to the central black hole. Starbursts
also rely on the supply of gas onto molecular clouds.
Major mergers (of comparable mass galaxies) lead to vio-
lent relaxation that causes a substantial fraction of orbits to fall
to the central regions and fuel the AGN (Roos 1981), as well as
to compress the giant molecular clouds and induce a short but
strong burst of star formation (Joseph & Wright 1985). Rapid
non-merging galaxy collisions (hereafter flybys) also have an
important effect on galaxies: the tidal field at closest approach
will generate barred instabilities (Gerin et al. 1990), which in
turn will lead to efficient angular momentum exchange of stars
and gas, some of which end up fueling the central AGN. Hence
both galaxy mergers and rapid flyby collisions tend to boost
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the radio power of galaxies. Moreover, as we will discuss in
Sect. 7.3, the ram pressure that galaxies feel when orbiting
within the hot intracluster gas can be altered within colliding
clusters. One should note that these physical processes will af-
fect the relative importance of the AGN/starburst activity rela-
tive to the mass of its host galaxy, which are measured by our
radio-loudness RK .
We hereafter provide a thorough argumentation of the rel-
ative importance of several physical processes (major galaxy
mergers, rapid galaxy flybys and ram pressure stripping of in-
terstellar gas in galaxies by the intracluster gas) all believed to
occur during a cluster-cluster merger. We discuss the impact
of these processes on the AGN and SBGs, taking the A3558
cluster complex as an example.
7.1. Increased or decreased direct major galaxy
mergers within merging clusters?
Much insight can be found in the simple case of two equal mass
clusters merging in a head-on collision.
Consider first the situation at first pericenter, when the two
clusters overlap. The rate at which a test galaxy merges with
other galaxies of comparable mass is the sum of the major
merger rate with galaxies from the first cluster and that with
galaxies from the second cluster. Now, if the test galaxy origi-
nated in the first cluster, the rate of mergers with galaxies from
the first cluster will be the same as when the two clusters were
far apart.
In the limit where the cluster-cluster relative velocity is
large, the test galaxy will suffer mergers with galaxies from
the second cluster at a negligible rate, since the collisions will
be too rapid to lead to galaxy mergers. In this regime, the test
galaxy merges with other galaxies at the same rate as before
the cluster-cluster encounter. For lower relative cluster-cluster
velocities, the rate of mergers of the test galaxy with galaxies
of the second cluster will no longer be negligible, hence the
overall galaxy merger rate will be larger than it was before the
cluster-cluster collision. Hence, there will be more occasions
where the galaxy gas will be funneled down to the inner regions
and fuel the central engine, thus triggering the AGN activity.
And there will also be more occasions to tidally compress the
molecular clouds and generate starbursts.
In appendix B, we compute more precisely the rate of direct
major galaxy mergers with galaxies of the other cluster at the
moment of the first cluster overlap. For the SSC, the rms rel-
ative velocity of the clusters is small in comparison with their
internal velocity dispersions. Indeed, as can be seen in Figure 9,
the velocity dispersion is very low, 311 km s−1 for a projected
apertures of 10 Mpc. However, the characteristic velocity rel-
ative to A3558 will be
√
3 times larger, i.e. 538 km s−1. The
rms internal velocity dispersion of the clusters within a pro-
jected distance of 10 Mpc of A3558 is 786 km s−1. Then, ac-
cording to Figure B.1, for luminous galaxies of velocity disper-
sion σg = 200 km s−1 inside rich clusters of velocity dispersion
σ = 800 km s−1 (solid curve), with V/σ = 538/800 = 0.67, we
obtain an enhancement of the merger rate over 74%. Hence,
the total merger rate is almost twice that in the isolated cluster.
Fig. 9. Aperture velocity dispersion versus projected radius of
the A3558 complex, using two velocity cuts to remove fore-
ground/background interlopers. Each filled circle corresponds
to the next closest cluster in projection to A3558, so the first
symbol on the left is for 2 clusters, the next for 3 clusters, and
so on.
For the merger rate of smaller galaxies, e.g. σg = 100 km s−1
(dashed curve), the enhancement is still over 67%.
But the moment of cluster overlap is very short, hence may
not be so relevant. After the first passage, the clusters will
continue their course up to their apocenter, at which point the
merger rate of galaxies of the first cluster with those of the sec-
ond cluster will be near 0, as the two clusters are far removed.
The two clusters will then fall back onto one another for the
final merger (see Barnes 1988 for the general case of merging
galaxies).
The maximum separation of clusters having crossed one
another is comparable to the maximum distance a galaxy can
reach after having crossed right through the center of a cluster.
This latter value has been estimated to be between 1 and 2.5
times the 100 overdensity radius (Mamon et al. 2004; Gill et al.
2005), which converts to roughly 1.3 to 3.2 times r200. In fact,
two equal mass clusters should feel a softer encounter than a
tiny galaxy falling into a cluster, so that the maximum separa-
tion will be smaller (in relative terms). Now, the two clusters
closest to A3558 — A3556 and A3562 — lie at projected sep-
arations that correspond to 1.2 and 1.8 times r200. Of course
the separations in real (3D) space are greater or equal to these
projected separations. Nevertheless, it is possible that A3556
and/or A3562 have already crossed through A3558.
In roughly one cluster crossing time, violent relaxation will
lead to a relaxed merged cluster, and its galaxy major merger
rate will scale as 1/σ3v (Mamon 1992), which scales as 1/M,
given the cosmological M ∝ σ3v relation applied to clusters.
Hence, relative to the galaxy merger rate in each of the pro-
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genitor clusters, the total rate of galaxy mergers will rise from
1 at initial times to ≃ 1.7 at first pericenter, then back to ∼ 1
at apocenter, and will tend to 0.5 once the two clusters have
merged and violently relaxed (into a cluster twice their origi-
nal mass). In other words, in an environment such as a super-
cluster, with ongoing cluster mergers, the galaxy merger rate in
clusters will be boosted by a factor up to (during a short time
at first pericenter) 1.7/0.5 = 3.4 relative to galaxy merger rate
in an isolated cluster of the same mass.
In the case of an off-axis cluster-cluster merging encounter,
the boost in galaxy merger rates at first pericenter will be less
than 3.4. But, since the galaxy merger rate in each of the two
clusters will be at least greater than their original merger rate,
the boost relative to the final merged cluster will be greater than
1/0.5 = 2.
We now consider in more detail the clusters at some inter-
mediate epoch after the first pericentric passage and before the
final merger. It is well known that the tidal forces during an
encounter convert the orbital energy of the colliding pair into
internal motions that deform the systems. How will this defor-
mation affect the rate of galaxy mergers? Some of the internal
energy gained at the expense of orbital energy will be potential
energy. To first order the deformation is the sum of a monopolar
deformation that puffs up each cluster and higher order multi-
poles, for example possible tidal tails. These higher order terms
have no incidence on the mean density. So the net effect of the
gain in potential energy (the loss of potential energy in abso-
lute value) will be a decrease in the number density of galaxies
and a reduction of the rate of galaxy collisions. Moreover, part
of the orbital energy will be converted into internal kinetic en-
ergy, leading to an increased velocity dispersion of the galaxy
system, hence a lower fraction of collisions that will be slow
enough to lead to mergers. So, increases in both the potential
and kinetic components of the internal energy will combine to
a decreased rate of galaxy mergers.
In other words, calling the potential and kinetic energies
W and K, using primes for the puffed up state and writing R′ =
R/x (where x < 1), one has W′/W = x, ∆K = −∆W = (1− x)W
(from conservation of energy), K = −2W (virial theorem), and
K′/K = (σ′v/σv)2. This leads to
σ′v
σv
=
√
1 + x
2
. (9)
As the merger rate can be written as n k, where k ∝ σ−3v and n
is the galaxy number density (Mamon 1992, and eq. [B.1]), the
ratio of the galaxy merger rates between the puffed up cluster
and the normal one is found to be (using eq. [9])
n′ k′
n k = 2
3/2 x
3
(1 + x)3/2 . (10)
When one considers systems including a dissipative gas
component, the global effect of the energy transfer is small
on the non-dissipative component. While we are interested in
the galaxy component of clusters, such simulations have not
yet been performed in a realistic manner. However, the dark
matter component, which should have very similar dynamics
to the galaxy component, seems very little affected by the en-
counter. Indeed, as can be seen in the snapshots of merging
clusters of Roettiger et al. (1993) and of merging galaxies of
Di Matteo et al. (2007), the puffing up of the non-dissipative
component appears to be of order of or less than 20%, i.e. a fac-
tor x ≥ 0.8. So to explain the factor two decrease in the fraction
of radio-loud galaxies in the A3558 cluster complex (Sect. 3),
using equation (10) one would therefore require x = 0.74, i.e.
a 35% increase in the cluster sizes, which appears to be incon-
sistent with the simulations quoted above.
To summarize, at first passage of the merging clusters, the
rate of direct galaxy mergers is increased, while subsequently,
before the final merger of the two clusters, the rate of galaxy
mergers is decreased. Since the factor two reduction in the
fraction of radio-loud galaxies in A3558 cluster complex re-
quires an unrealistic 35% puff up in the clusters, we conclude
that galaxy mergers cannot explain by themselves the reduced
loudness in cluster radio-detected galaxies inside the SSC-CR.
7.2. The effects of rapid flyby collisions
Naturally, rapid flybys are less efficient individually than merg-
ers in inducing star formation and AGN activity. But, in rich
clusters, flybys are much more common than galaxy mergers.
Mamon (2000) computed analytically both the rate of major
mergers and the rate of flybys as a function of galaxy environ-
ment, mass and position in its group or cluster environment. His
Figure 5 indicates a rate of flybys (defined such that they pump
in an amount of energy at least one-third of the binding energy
of the test galaxy) that, for rich clusters, is about 1 per galaxy
per Hubble time, independent of galaxy mass. In comparison,
ongoing galaxy merger rates in present-day rich clusters are al-
most always at rates less than 0.1 per galaxy, extrapolated to
a Hubble time. So, in rich clusters, strong flybys are about 10
times more common than major mergers.
The rate of flybys is enhanced during the overlapping part
of the cluster encounter. According to equation (19) of Mamon
(2000), the rate k of flybys varies as 1/σv, hence as 1/M1/3. Just
like for galaxy mergers, the total rate n k of flybys of galax-
ies from either cluster will be <∼ twice that in the individual
progenitor clusters (without embarking into a calculation sim-
ilar to that of appendix B), then will fall to below unity (see
Sect. 7.1) once the two clusters separate towards their apoc-
enter, increases again at the final cluster merger, but then de-
creases after the final relaxation to reach a value of 2−1/3 the
flyby rate in the individual clusters. The boost in the flyby rate
relative to that in relaxed isolated clusters of the same mass
will thus be <∼ 24/3 ≃ 2.5 at first pericenter. For off-axis cluster-
cluster encounter, the flyby rate at first pericenter will still be
greater than that in the individual progenitor clusters, hence the
boost of the rate of flybys at pericenter, relative to that in iso-
lated clusters of the same mass will be 21/3 ≃ 1.3.
Once the clusters pass their pericenter and puff up through
their mutual tides (see Sect. 7.1), the rate of flyby encounters
will be decreased. With the 1/σv scaling of the rate of flybys,
and using equation (9), we find that the ratio of the rate of fly-
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bys between the puffed clusters past pericenter and the individ-
ual clusters will be
n′ k′
n k = 2
1/2 x
3
√
1 + x
. (11)
Equation (11) then implies that to explain the factor of two de-
crease in the fraction of radio-loud galaxies in the A3558 clus-
ter complex, one requires x = 0.78, i.e. a 28% increase in the
cluster sizes, which again appears to be inconsistent with the
hydrodynamic simulations of Roettiger et al. (1993).
In summary, flybys are enhanced during the pericentric
passage, and decreased afterwards, when the clusters puff up
by their mutual tidal interaction. Yet, flybys cannot explain by
themselves the factor two decrease in the fraction of radio loud
galaxies in the core of the SSC.
7.3. Increased ram pressure stripping of galaxies in
merging clusters
We now argue that in merging clusters, as is the case in the
inner regions of the SSC (Bardelli et al. 1998), ram pressure
stripping of interstellar gas will be considerably more effec-
tive than in single clusters, which should lead to the starvation
of the AGN activity as well as of star formation, and might
thus explain the low levels of radio loudness for radio-detected
galaxies within a virial radius of SSC-CR clusters, relative to
those within a virial radius of clusters outside of the SSC-CR
(Fig. 7 and Table 1).
When two clusters merge, their gaseous intracluster me-
dia, in contrast to their stellar and dark matter components,
will not interpenetrate, but instead dissipate their orbital en-
ergies in a strong shock, caused by the adiabatic compression
of the colliding gas clouds (Roettiger, Burns, & Loken 1993).
Therefore, a shock-heated interface should lie between the
two clusters, reminiscent of what is seen in Stephan’s Quintet
(the HCG 79 compact group of galaxies, van der Hulst & Rots
1981; Pietsch et al. 1997) and seen in all realistic hydrodynam-
ical simulations of merging clusters (e.g. Roettiger et al. 1993).
Behind the shock, the gas component should follow the same
motion as the mean motion of the galaxies. The galaxies of the
first cluster will see the relative speed of the gas change as they
move from their initial parent cluster, through the shock to the
other cluster. Since ram pressure is P = ρgas v2, where ρgas is
the gas density and v the velocity of the galaxy relative to the
intracluster gas (Gunn & Gott 1972), the efficiency of the ram
pressure stripping will vary according to whether a galaxy is
in it’s initial parent cluster, in the shock at the cluster-cluster
interface, or in the second cluster.
Consider two clusters of equal mass, with 1D velocity dis-
persion σ, merging along the x axis at relative velocity V . At
the moment it passes through the shock, the shocked gas that
the galaxy encounters is 4 times denser than before the shock.
Moreover, if the galaxy travels along the x axis, the wind that
the galaxy feels will typically be enhanced by 1 + (V/2)2/σ2.
Hence a galaxy traveling along the x axis, passing through the
shock interface, will feel a ram pressure P′ enhanced by
P′
P
= 4 +
(V
σ
)2
. (12)
Galaxies traveling in perpendicular directions will feel an en-
hanced ram pressure of a factor 4, and their internal gas will be
efficiently stripped by the ram pressure of the intracluster gas
at the shock.
After the galaxy, traveling along the x axis, passes through
the shock, it will “see” the second cluster moving towards it at a
velocity equal to its velocity relative to the first cluster plus the
cluster-cluster relative velocity. Hence, its interstellar gas will
be ram pressure stripped by the intracluster gas of the other
cluster much more efficiently, by a factor
P′
P
= 1 +
(V
σ
)2
. (13)
Note that a galaxy moving within the first cluster along the x
axis, but in the same direction as the second cluster, will feel
less ram pressure stripping during its initial infall and subse-
quent rebound. However, during its recoil8 it will find itself in
a similar situation as the galaxy that initially moves in the di-
rection of the second cluster, and at this stage it will experience
strong ram pressure stripping.
Galaxies traveling along axes perpendicular to the x axis
will feel the same ram pressure as if there had been no cluster-
cluster merger. Therefore, within a merging cluster system,
some of the galaxies that have penetrated the second cluster
will suffer additional ram pressure stripping while others will
feel about the same ram pressure as in their initial cluster.
Equations (12) and (13) suggest that for galaxies traveling
along the cluster-cluster collision axis, the effect of the shock is
more dramatic than the effect of the enhanced wind of the sec-
ond cluster. Given the typical velocity dispersion of 800 km s−1
for clusters in the A3558 complex, with V = 538 km s−1, one
finds that a galaxy moving along the cluster-cluster collision
axis will see a ram pressure enhanced by a factor of 4.45 at the
shock (eq. [12]) and by a factor 1.45 past the shock (eq. [13]).
However, while the mild enhancement of ram pressure past the
shock is long-lived, the thickness of the shock front is small in
comparison with the cluster size (Roettiger et al. 1993), so that
the galaxy will feel an enhanced density only for the short time
it crosses through the shock. Therefore, it is not clear whether
the short time during which the galaxy feels a ram pressure en-
hanced by a factor 4 will be sufficient for the interstellar gas
to escape its host galaxy. It is beyond the scope of the present
paper to predict which of the shock or enhanced wind from the
2nd cluster is the most efficient at decreasing the gas content of
galaxies in merging clusters.
Note that the very low velocity difference, 21 km s−1, be-
tween A3558 and its nearest projected neighbor A3556 sug-
gests that these two clusters have already passed through each
other (unless their relative motion is perpendicular to the line
of sight) and lost a substantial fraction of their initial orbital
energy. The extra wind from the second cluster (A3556) will
presently be of the same order as that from the first cluster
(A3558). But before the two clusters lost their mutual orbital
8 The recoil timescale, ≈ Rgal/σv should be shorter than the cluster-
cluster merger time, ≈ Rcluster/V , since the cluster radius Rcluster is by
definition larger than the radial position of the galaxy Rgal and V <
538 km s−1 < σv ≈ 800 km s−1.
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energy, the second wind must have been roughly twice as fast
as the first one.
Moreover, ram pressure will strip the low density atomic
gas clouds more efficiently than the dense cores of giant molec-
ular clouds. The latter will be compressed by the ram pressure
(Bekki & Couch 2003). Therefore, if the galaxies feel a burst of
ram pressure as they travel through the shock front, they should
experience a burst of star formation and hence an enhancement
of their radio emission. But once the atomic gas is removed, the
subsequent star formation is starved. These issues are complex,
probably require high resolution hydrodynamical simulations,
and are beyond the scope of the present paper.
7.4. Synthesis
We have argued that, on one hand, environments such as the
SSC which seem to harbor ongoing cluster-cluster merging col-
lisions, should enhance the rates of direct galaxy-galaxy merg-
ers (Sect. 7.1) and rapid flyby collisions (Sect. 7.2) at the first
passage of the two clusters. But both rates should be decreased
after the first pericentric passage and before the final cluster-
cluster coalescence. However, neither galaxy mergers nor rapid
flybys appear sufficient to explain the factor of two decrease in
the fraction of radio loud galaxies in the A3558 complex at the
core of the SSC.
On the other hand, we argued in Sect. 7.3 that both the en-
hanced density at the shock front of the cluster-cluster colli-
sion and the enhanced wind felt when galaxies pass through
this shock ought to enhance the efficiency of the stripping of
interstellar gas by the hot intracluster gas, which in turn will
starve AGN and star formation.
Also, the enhanced ram pressure stripping should affect
more than half the cluster galaxies that will have crossed the
shock front (the orbital timescale within the cluster will be con-
siderably shorter than the cluster-cluster merging time). On the
other hand, only a few percent of cluster galaxies are expected
to merge for the few Gyr duration of the cluster-cluster merger.
Indeed, Figure 4 of Mamon (2000), shows that, at best, the cur-
rent rate of galaxy mergers in clusters is of order of 0.14 per
Hubble time, i.e. of order of 0.01 per Gyr. Hence, a reduction
of a factor 2 to 3 in the galaxy merger rate after the first cluster-
cluster pericentric passage will decrease the fraction of galax-
ies that merge during the last 3 Gyr from roughly 3% to 1%.
If the bursts of star formation in clusters are mostly caused by
infalling spirals from low velocity dispersion groups where the
merger rate is high, the effect of the cluster-cluster collision on
the rate of star formation should be negligible.
Moreover, while a decreased rate of galaxy mergers or fly-
bys will explain the decreased fraction of radio-loud galaxies,
only enhanced ram pressure stripping in merging clusters can
explain that the few radio-detected non-BCG galaxies within
SSC-CR clusters have values of radio loudness typically sev-
eral times lower than radio-detected galaxies within clusters
outside of the SSC-CR. Therefore, in an environment of merg-
ing clusters, it is likely that galaxies will have decreased radio
loudness from the starvation of AGN and star formation activ-
ity caused by the enhanced ram pressure stripping of galaxies,
unless the galaxies are in clusters that are just approaching for
the first time, as appears to be the case for the A3528 cluster
complex. The anti-correlation of radio loudness with the den-
sity of the environment that we find in the core of the Shapley
supercluster suggests that clusters in this environment are go-
ing through a pericentric passage now, or have done so in the
recent past.
The evolution of radio-detected galaxies should therefore
be linked to the dynamical evolution of structures and to the
merging of the different sub-structures, thus potentially ex-
plaining the apparent inconsistencies between various works
(e.g. Owen et al. 1999 and Venturi et al. 2000). In addition,
with less massive (and lower velocity dispersion) structures in
the past, there would be more galaxy merging and less ram
pressure stripping in cluster-cluster merging that would not
quench star formation and the AGN phenomenon as well as
it does nowadays. The radio-detected galaxies could therefore
very well remain good tracers of large scale structures at high
redshift (as found by Brand et al. 2003).
8. Summary
We merged two of the most recent optical/NIR catalogs
(FLASH and 6dFGS) that cover a large superstructure (the
Shapley Supercluster) as well as a fair number of clusters and
voids. We then cross-identified our sample with the NVSS ra-
dio survey and restricted our study to a volume, flux and radio
luminosity limited sample to limit biases in our studies. We re-
trieved 142 radio-detected galaxies, from which 28 were clas-
sified as AGN and 114 as SBGs.
To first order, radio-detected galaxies roughly trace the
overall large scale structure of the area (Figs. 2 and 3).
However, the fraction of galaxies with high K-band normal-
ized radio-loudness in the A3558 cluster complex at the core
of the SSC is half that in our reference sample (see Fig. 4).
Moreover, we find that radio-loudness is clearly anti-correlated
with the large scale density of the environment (Fig. 6). This
anti-correlation disappears when a large shell around the cen-
tral region of the supercluster (SSC) is removed, indicating that
this region is mostly responsible for this trend.
A detailed analysis indicates that this radio loudness / den-
sity anti-correlation is caused by the lower radio loudness of in-
cluster (r < 0.8 r200) radio-detected galaxies within the 10 Mpc
region centered on A3558 (the center of the SSC), in com-
parison with the in-cluster radio-detected galaxies outside the
core of the SSC (see Fig. 7). The suppression of radio loudness
in radio-detected galaxies appears most dramatic for BCGs in
the SSC-CR (Fig. 8). But the suppression of radio loudness is
also significant in non-BCG cluster radio galaxies, especially
at R < 0.3 r200. While NIR luminosity segregation is extremely
strong in the SSC-CR, it is also significant outside the SSC-CR
(Table 2), so that the modulation by the SSC-CR of the dis-
tribution of radio loudness of in-cluster galaxies is at least as
significant as the corresponding distribution of NIR luminosi-
ties (Table 1).
The radio luminosity distributions in the A3558 and A3528
cluster complexes show (Fig. 4) different behaviors that might
highlight different dynamical states. The radio-detected galax-
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ies in the A3558 complex have no highly radio-luminous galax-
ies and are significantly less radio-loud than in our reference
sample, while those in the A3528 complex are significantly
more radio-luminous and marginally more radio-loud.
In light of these results, we investigated possible causes for
the suppression of radio loudness in cluster galaxies of the SSC
core region, in the context of cluster-cluster mergers, which are
thought to occur in this region. For the BCGs, a likely culprit is
the disruption of the cool cluster core, which is believed to pro-
vide an efficient mechanism to fuel the AGN. For non-BCGs,
using simple calculations, we show (Sect. 7) that both direct
major galaxy mergers and rapid collisions are enhanced at the
moment of cluster overlap in comparison with isolated clusters
of the same mass. However, after their first passage, the two
colliding clusters will puff up (through their mutual tidal inter-
action), which leads to decreased rates of direct galaxy mergers
and flybys. But we show that the cluster puff up is too small
to explain the decreased fraction of radio-loud galaxies in the
core of the SSC through galaxy mergers and rapid flybys. On
the other hand, ram pressure is increased by galaxies passing
through the shock front at the cluster-cluster interface, and also
by the enhanced wind velocity they feel as they enter the sec-
ond cluster. This enhancement of ram pressure will be most
effective in the inner regions of clusters and should quench the
AGN activity and starve the star formation, thus reducing the
radio loudness of cluster galaxies in the SSC core, as is ob-
served.
There are many perspectives to this work. The range of ra-
dio luminosities or radio loudness values where the suppression
of radio emission occurs can be better assessed by studying
a deeper radio sample of the SSC-CR, such as that of Miller
(2005). The physical mechanisms at work can also be better
constrained by distinguishing AGN from SBGs, using optical
spectra or far IR diagnostics, and by incorporating galaxy mor-
phologies to the analysis.
For example, one could test the effects of cluster-cluster
mergers using the colors or spectra of galaxies: these will show
a burst of star formation, whose age reflects the time of the
first pericentric passage, since starburst timescales are much
shorter than the dynamical timescales of structure merging. The
variation of the star formation rate with time around pericenter
should be skewed towards early times. Indeed, the passage of a
cluster galaxy through the shock front and into the faster wind
caused by the motion of the second cluster will abruptly starve
the star formation that had just been enhanced by increased
galaxy mergers at the beginning of the penetration of the two
clusters.
Also, it would be interesting to see if the SSC-CR is unique
or common, by performing similar analyses as done here on the
core regions of other nearby superclusters. Finally, the details
of ram pressure stripping, in particular the competition between
the short but strong enhancement caused by passage of galaxies
through the shock front generated by the cluster-cluster merger
on one hand, and the faster wind felt after passage through the
shock on the other hand, can be assessed by analyzing currently
available hydrodynamical N-body simulations of cluster merg-
ers.
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Appendix A: Relation between virial radius and aperture velocity dispersion for an NFW model
Given that the mass Mvir within the virial radius rvir is Mvir = 4π/3∆ρc r3vir, where ∆ is the mean density of the cluster within the
virial radius, relative to the critical density ρc = 3H2(z)/(8πG), one easily derives
σap =
(
∆
2
)1/2 (
σv
vvir
)
H(z) rvir , (A.1)
where vvir = (GMvir/rvir)1/2 is the circular velocity at the virial radius.
Inspecting Figure 7 of Łokas & Mamon (2001), one finds for an isotropic Navarro, Frenk, & White (1996, hereafter NFW)
model that the normalized aperture velocity dispersion σ˜v = σap/vvir ≃ 0.7. One can precisely computeσap for isotropic velocities
with a simplified version of equation (47) of Łokas & Mamon (2001) given by Mamon & Łokas (2005):
σ2ap(R) =
4πG
3 Mp(R)
[∫ ∞
0
r ρ(r)M(r) dr −
∫ ∞
R
(r2−R2)3/2
r2
ρ(r)M(r) dr
]
, (A.2)
where ρ, M, and Mp are the tracer mass density, total and projected mass, respectively (the Łokas & Mamon formula involved a
double integral instead of the two single ones in eq. [A.2]). Writing the density and mass of the NFW profile of virial radius rvir
and concentration c as (Mamon & Łokas 2005)
ρ(r) = 1
g
Mvir
4πr3
vir
ρ˜ , (A.3)
M(r) = Mvir M˜
g
, (A.4)
where
ρ˜ = y−1 (1 + y)−2 , (A.5)
M˜(y) = ln(y + 1) − y
y + 1
, (A.6)
y =
r
a
=
c r
rvir
, (A.7)
g = M˜(c) = ln(c + 1) − c
c + 1
, (A.8)
(where our definition of g is the inverse of that of Łokas & Mamon and where a is the radius of density slope −2), equation (A.2)
yields
σ˜2v (Y rvir/c) =
c
3 g
∫ ∞
0 y ρ˜ M˜ dy −
∫ ∞
Y
(
y2 − Y2
)3/2
ρ˜ M˜ dy/y2
C−1(1/Y)/
∣∣∣Y2 − 1∣∣∣1/2 + ln(Y/2) , (A.9)
where Y = R/a = c R/rvir and
C−1(x) =
{
cos−1 x (x < 1) ,
cosh−1 x (x > 1) ,
(see eqs. [42] and [43] of Łokas & Mamon 2001, note that the expression in brackets in eq. [43] of Łokas & Mamon 2001 tends
to 1 − ln 2 for Y = 1). Inserting equations (A.5), (A.6) and (A.8) into equation (A.9), yields a normalized aperture velocity
dispersion at the virial radius (Y = c)
σap
vvir
= σ˜v ≃ dex
(
−0.1539 − 0.2138 log c + 0.2358 log2 c − 0.05357 log3 c + 0.005515 log4 c
)
, (A.10)
which is accurate to better than 5% for c > 0.5 and better than 0.12% for c > 1. Thus, we find that σ˜v reaches a minimum of 0.62
between 2 < c < 5 and is equal to 0.66 for c = 10.
With H0 = 70 km s−1 Mpc−1 and ∆ = 200, equations (A.1) and (A.10) lead to(
r200
1 Mpc
)
=
σap
σ1
,
(
σ1
1 km s−1
)
=

433 (c = 4)
436 (c = 5)
463 (c = 10)
. (A.11)
Note that Carlberg, Yee, & Ellingson (1997) assume σap/vvir = 1/
√
3, hence σap=√∆/6 H(z) rvir , which for H0 =
70 km s−1 Mpc−1 and ∆ = 200 yields σ1 = 404 km s−1. In other words, relative to a c = 5 NFW cluster, Carlberg et al. over-
estimate the virial radius by 436/404− 1 = 8%.
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Appendix B: Rate of direct galaxy mergers in fully overlapping merging clusters of equal mass
The rate at which a galaxy suffers direct major mergers can be written
dN
dt = nk1 , (B.1)
where n is the number density of galaxies, while the merger rate k1 (‘1’ for single cluster) is (Mamon 1992)
k1 = 〈vS (v)〉 = π
∫ ∞
0
v f (v) p2crit(v) dv , (B.2)
with S (v) = π p2
crit(v) the merger cross-section and f (v) the distribution of relative galaxy velocities, normalized such that∫ ∞
0 f (v)dv = 1. One typically assumes a Gaussian distribution of relative velocities, with standard deviation 21/2 σ, where σ
is the one-dimensional cluster velocity dispersion and the factor 21/2 arises from the consideration of relative velocities, yielding
f (v) = 1
2
√
πσ3
v2 exp
(
− v
2
4σ2
)
, (B.3)
which satisfies
∫ ∞
0 f (v) dv = 1.
Equations (B.2) and (B.3) lead to
k1 =
1
2
√
πσ3
∫ ∞
0
v3 exp
(
− v
2
4σ2
)
S (v) dv . (B.4)
The direct merger rate k was computed by Mamon (1992, 2000) for the case of a linear critical impact parameter (Roos & Norman
1979), yielding
S (v) = π p20
(
1 − v
v0
)2
, (B.5)
where p0 is the maximum impact parameter that leads to a merger, while v0 is the maximum velocity for head-on mergers.
We now consider the rate of direct galaxy mergers within a system of two equal mass merging clusters, at the moment when
the two clusters overlap. We call V the relative velocity of the two clusters at overlap. A galaxy initially in cluster 1, will suffer
mergers with other galaxies of cluster 1 at a rate k1 given by equation (B.4) and galaxies of cluster 2 at a rate k2, with a total
merger rate
dN
dt = n1k1 + n2k2 = n
(k1 + k2) .
The rate k2 of direct major mergers that the test galaxy will suffer with galaxies of cluster 2 can be written as follows.
Consider a cylindrical coordinate system, whose axis joins the 2 clusters and call v‖ and v⊥ the coordinates of a galaxy in this
coordinate system in the frame of the 2nd cluster. In analogy with equation (B.3), one can then express the distribution of the
velocities of the galaxies in the 2nd cluster as
f2 (v‖, v⊥) = 14√π v⊥σ3 exp−
 v2‖ + v2⊥4σ2
 , (B.6)
which verifies
∫ +∞
−∞ dv‖
∫ ∞
0 f2
(
v‖, v⊥
) dv⊥ = 1, and where σ is the velocity dispersion of the 2nd cluster (equal to that of the
first cluster). Noting that the velocity of a galaxy of the 2nd cluster relative to the test galaxy of the first cluster satisfies v2 =(
v‖ + V
)2
+ v2⊥, the analog of equation (B.2) leads to
k2 =
∫ +∞
−∞
dv‖
∫ ∞
0
f2 (v‖, v⊥) v S (v) dv⊥
=
exp
(
V2/σ2
)
4
√
πσ3
∫ +∞
−∞
exp
(
v‖V
2σ2
)
dv‖
∫ ∞
|V+v‖|
v2 S (v) exp
(
− v
2
4σ2
)
dv
=
1
4
√
πσ3
exp
(
V2
σ2
) ∫ ∞
0
v2 S (v) exp
(
− v
2
4σ2
)
dv
∫ −V+v
−V−v
exp
(
v‖V
2σ2
)
dv‖
=
1√
πV σ
exp
(
− V
2
4σ2
) ∫ ∞
0
v2 sinh
(
vV
2σ2
)
exp
(
− v
2
4σ2
)
S (v) dv , (B.7)
where the 2nd equality was found using the expression of f of equation (B.6), and the 3rd equality by changing variables, writing
v⊥ dv⊥ dv‖ = v dv dv‖.
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For a linear decrease of pcrit with v (Roos & Norman 1979), i.e. S (v) ∝ (v0 − v)2 (eq. [B.5]), the ratio of the rate of mergers
with galaxies of cluster 2 to that with galaxies of the test galaxy’s own cluster is found by integrating equation (B.7) and dividing
by the integral (Mamon 1992) of equation (B.4):
k2
k1
=
2σ2
V
exp
(
− V
2
4σ2
) ∫ ∞
0
v2 sinh
(
vV
2σ2
)
exp
(
− v
2
4σ2
)
S (v) dv∫ ∞
0
v3 exp
(
− v
2
4σ2
)
S (v) dv
=
exp
(
−Y2
)
2Y
∫ x
0 u
2 sinh(2 u Y) exp(−u2) (x − u)2 du∫ x
0 u
3 exp(−u2) (x − u)2 du
=
exp
[
−Y2 − x(x + 2Y)
]
32 Y
[
1 − exp (−x2) + x2/2 − (3/4)√πx erf(x)] F(x, Y) , (B.8)
where u = v/(2σ), x = v0/(2σ), Y = V/(2σ), and
F(x, Y) = 2
{
4 exp [x (x + 2 Y)] x2 Y + [exp (4 x Y) − 1] x (1 + 2 Y2)
− [1 + exp (4 x Y) − 2 exp [x (x + 2 Y)] ] Y (5 + 2 Y2)}
+
√
π exp
[
(x + Y)2
]
×
{[
3 + 4 Y2
(
3 + Y2
)
− 4 x Y
(
3 + 2 Y2
)
+ x2
(
2 + 4 Y2
)]
erf(x − Y)
+ 2
[
3 + 2 x2 + 4
(
3 + x2
)
Y2 + 4 Y4
]
erf(Y)
×
[
3 + 2 x2 + 12 x Y + 4
(
3 + x2
)
Y2 + 8 x Y3 + 4 Y4
]
erf(x + Y)
}
. (B.9)
Fig. B.1. Ratio of the rates of direct mergers of a galaxy in a cluster with velocity dispersion σ with galaxies of another equal
mass cluster passing right through the first cluster at velocity V to that of mergers with galaxies of its own cluster (eqs. [B.8] and
[B.9]). The merger cross section (eq. [B.5]) involves a critical impact parameter that falls linearly with pericenter velocity, with a
maximum velocity v0 = 3.1
√
3σg (Roos & Norman 1979), where σg is the galaxy velocity dispersion, equal to 1/4 (solid curve)
or 1/8 (dashed curve) times the cluster velocity dispersion.
Figure B.1 displays k2/k1 as a function of V/σ for two values of σg/σ for the linear critical parameter versus velocity, with
maximum merger velocity v0 = 3.1
√
3σg (Roos & Norman 1979).
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